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Purpose: The purpose of this study was to identify high-risk populations for severe carotid 
artery disease (SCD) and neurologic events (NE) after nonemergency isolated coronary 
artery bypass graft procedures (CABG). 
IVlethods: Between February 1989 and July 1992, 387 patients underwent preoperative 
carotid artery duplex scanning as part of a preoperative assessment for nonemergency 
cardiac procedures. Of these patients, 376 had isolated CABG, and 11 had combined 
carotid endarterectomy (CEA) and CABG. Patient demographics, risk factors, and 
preoperative neurologic symptoms were recorded and analyzed. Severe carotid artery 
disease was defined as a 80% or greater stenosis of either internal carotid artery by carotid 
artery duplex scanning. Patients were evaluated for neurologic events (cerebrovascular 
accident, transient ischemic attack, amaurosis fugax, or reversible ischemic neurologic 
deficits) during the in-hospital postoperative p riod. 
Results: The prevalence of SCD was 8.5% (33 patients). The 33 patients with SCD 
were significantly older (65.6 + 6.5 years vs 62.5 +- 10.4 years, p = 0.02), had previous 
CEA (27.3% vs 2.0%, p = 0.00001), had preoperative neurologic symptoms (21.2% 
vs 5.9%, p = 0.002), and had peripheral vascular disease (PVD) (63.6% vs 16.9%, 
p = 0.00001). The sensitivity of PVD for SCD is 63.6% (n = 21/33) (specificity 83.1%, 
positive predictive value 25.9%, negative predictive value 96.1%). In patients undergoing 
CABG alone, those who had postoperative NE were older (69.6 + 6.7 years 
vs 62.5 -+ 10.3 years, p = 0.036) and more likely to have PVD (50% vs 19.7%, 
p = 0.034), SCD (40% vs 4.9%, p = 0.001) and previous CEA (40% vs 
2.7%, p = 0.0002). The incidence of postoperative NE in patients with SCD was 18.2% 
vs 1.7% in patients without SCD (p = 0.001). The sensitivity of SCD for NE was 40% 
(n = 4/10) (specificity 95.1%, positive predictive value 18.2%, negative predictive value 
98.3%). 
Conclusions: PVD may be helpful to identify patients at high risk for severe carotid artery 
stenosis. Postoperative NE in patients with CABG are associated with increasing age, 
carotid artery stenosis greater than 80%, previous CEA, and PVD. (J VASC SURG 
1995;21:154-62.) 
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Perioperative stroke complicatcs coronary artery 
bypass grafting (CABG) procedures in 0.9% to 5.2% 
of cases, ls Numerous mechanisms have been pro- 
posed to account for neurologic events (NE), includ- 
ing embolization of atherosclerotic debris from an 
atherosclerotic ascending aorta, 6 ventricular mural 
thrombi, s,7,8 microembolization f  air, fat, or plate- 
let aggregates formed during cardiopulmonary b - 
pass, s,s carotid artery thromboembolic events, 2 and 
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Table I. Patient demographics (n = 387) 
Factor % No. 
Age (mean) 62.8 + 10.2 
Male sex 81.4 315 
Smoking history 69.2 268 
Diabetes 24.1 93 
Hypertension 55.0 213 
Hypercholesterolemia 31.5 122 
PVD 20.9 81 
Angina (CCS) I I I+  IV 55.8 216 
CHF (NYHA) III + IV 1.5 6 
Previous MI 46.5 180 
Previous CABG 6.7 26 
Preoperative neurologic symptoms 
None 92.5 358 
TIA 2.6 10 
CVA 3.9 15 
AF 0.5 2 
VBS 0,3 1 
Total 7.2 28 
Previous CEA 4.2 16 
CCS, Canadian Cardiovascular Society; CHF, congestive heart failure; NYHA, New York Heart Association; M/, myocardial infarction; 
VBS, vertebrobasilar symptoms. 
events related to cerebral hypoperfusion. Advanced 
age, 5"7'9 peripheral vascular disease (PVD), 1,1° and 
cerebrovascular disease 1,5,7,9,11 have been identified as 
some of the risk factors for the development of 
perioperative stroke in past studies. Given the mul- 
tifactorial causes of perioperative NE in heart sur- 
gery, the management of carotid artery stenosis in the 
patient undergoing heart surgery remains contro- 
versial. 1,5,8,12,13 
In previous studies, carotid artery stenosis has 
been identified in 2% to 17% 2 of patients undergo- 
ing heart surgery depending on the methods used for 
diagnosis and the severity of the disease for which 
screening was performed. We performed preopera- 
tive carotid artery duplex scanning in patients before 
elective coronary revascularization to identify pa- 
tients with severe carotid artery disease (SCD), which 
was defined as carotid artery stenosis of 80% or 
greater diameter reduction of either internal carotid 
artery (ICA). Preoperative variables in this patient 
population were examined to identify subpopula- 
lions at high risk for carotid artery stenosis and 
perioperative NE that may benefit from screening by 
carotid artery duplex scanning. 
METHODS 
Patients and selection criteria. Between Feb- 
ruary 1989 and July 1992, 1312 patients underwent 
isolated CABG procedures at our hospital. Patients 
who were scheduled for isolated CABG procedures 
*References 1,5,7,10,11,14,15. 
under nonemergency onditions and had adequate 
time to allow the performance of carotid artery 
duplex scanning before operation were included in 
the study. Reasons for noninclusion in the study 
included the following: 165 patients underwent 
emergency CABG procedures, 508 patients had 
urgent operations, the vascular laboratory facilities 
were unavailable during evening and weekends, and 
two heart surgeons, out of a group of six, did not 
participate in the study. Thus a total of 387 patients 
underwent carotid artery duplex scanning before 
undergoing an isolated CABG procedure and were 
used as our study population. 
Data on demographics and preoperative risk 
factors were collected by retrospective medical chart 
review on all patients. Data collection was done by a 
single observer (G.C.S.) blinded to the carotid artery 
duplex scanning results until all patient data were 
collected and entered. Carotid artery duplex scanning 
results were obtained separately from the vascular 
laboratory chart reports. 
The overall patient population characteristics are 
summarized in Table I. There were 315 men 
(81.4%), and the median age was 65, with a range of 
28 to 86 years. Most patients had Canadian Cardio- 
vascular Society class III or IV angina (total 216 
patients). PVD was defined as clinically symptomatic 
daudication with absent or weak femoral, popliteal, 
or pedal pulses, or previous urgical or endovascular 
intervention for lower extremity vascular disease. 
PVD was present in 81 patients (20.9%). Neurologic 
symptoms were present in 28 patients before opera- 
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Table II. Carotid artery duplex scanning rading system 16 
Grade Angiography Description ICA Velodties Spectral Analysis 
A Normal 
B 0%-15% stenosis 
C 16%-49% stenosis 
D 50%-79% stenosis 
D + 80%-99% stenosis 
E Occluded 
Peak systole < 1.25 m/sec 
Peak systole < 1.25 m/sec 
Peak systole < 1.25 m/sec 
Peak systole > 1.25 m/sec increased dia- 
stolic flow 
End diastolic peak > 1.4 m/sec Peak sys- 
tole > 1.25 m/see 
No signal 
No spectral broadening 
Minimal or no spectral broadening in de- 
celeration phase of systole 
Spectral broadening throughout systole; 
no window 
Marked spectral broadening 
Marked spectral broadening 
No signal 
/CA, Internal carotid artery. 
Data from Langlois Y, Roedere GO, Chan A, et al.16 
tion (7.2%); 16 patients (4.1%) had a carotid 
endarterectomy (CEA) in the past. 
During this time period, 11 patients had a 
combined CEA/CABG. Data on this population 
were included only in thc evaluation of risk factors for 
significant carotid artery disease. They were ex- 
cluded from any analysis for neurologic events after 
operation. 
Carotid artery duplex scanning. All carotid 
artery duplex scans were obtained by use of an 
Acuson 128 duplex imager (Acuson Inc., Mountain 
View, Calif.). Standard four-vessel examinations 
were performed from the thoracic inlet to the base of 
the skull. Visualization and evaluation of both the left 
and right ICA, external and common carotid arteries, 
and both vertebral arteries was performed with a 5.0 
or 7.0 MHz transducer. Percentage internal carotid 
artery stenosis was determined by use of peak velocity 
determinations and spectral analysis. Details of the 
grading system 16 used are shown in Table II. For the 
purposes of the study, SCD was defined as 80% or 
greater diameter eduction or occlusion of one or 
both ICA. Examinations were performed from 1 day 
to 1 month before opcration. 
Outcome. Patient outcome was evaluated by 
retrospective chart review. Evaluation of outcome 
was confined to the in-hospital period. Postoperative 
NE recorded were transient ischemic attacks (TIA), 
amanrosis fugax (AF), reversible ischemic neurologic 
deficits, clinically evident cerebrovascular ccidents 
(CVA), or death related to CVA. Diagnosis was 
made by the attending physician and confirmed by 
computed tomography scanning and/or a consulting 
neurologist. 
Statistical analysis. Data were entcrcd and 
stored in an IBM-based compatible computer by use 
of Paradox for Windows database program (Borland 
International Inc., Scotts Valley, Calif.). The col- 
lected variables were then used to assess their 
predictive ability for both SCD and NE. Analysis was 
performed with use of the SPSS for Windows 5.0.1 
statistical analysis software package (SPSS Inc., 
Chicago, ILL). Determination ofp values for means 
was by the Student's two-tailed t test, and propor- 
tions by Pearson chi-squared analysis or Fisher exact 
two-tailed test when appropriate. Ap value less than 
0.05 was considered statistically significant. With 
near significant variables (i.e., p -< 0.10), logistic 
regression analysis was performed to determine the 
strongest predictors of SCD and NE. 
RESULTS 
Predictors of severe carotid artery disease. Of 
the 387 study patients, atotal of 33 patients (8.5%) 
were found to have SCD. Fourteen patients were 
found to have unilateral occlusion of an ICA, 14 had 
unilateral carotid artery stenosis 80% or greater, and 
five patients had bilateral disease (one with bilateral 
ICA occlusion) (Table III). 
When preoperative variables were examined 
(Table IV), patients with SCD were found to be 
older (mean age of 65.6 _+ 6.5 years vs 62.5 + 10.4 
years,p = 0.02) than patients without SCD. Patients 
with SCD were more likely to have a history of prior 
CEA (27.3% vs 2.0%,p < 0.0001), PVD (63.6% vs 
16.9%, p < 0.0001), or a history of preoperative 
neurologic symptoms (21.2% vs 5.9%, p = 0.002). 
With significant and near significant variables (p < 
0.10), we found PVD, preoperative neurologic 
symptoms, and a history of previous CEA to be 
statistically significant predictors of SCD after logis- 
tic regression analysis (Table V). The sensitivity of 
PVD for SCD is 63.6% (n = 21/33) (specificity 
83.1%, positive predictive value 25.9%, negative 
predictive value 96.1%). 
Combined CEA/CABG procedures. Out of 
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Table III. Categorization of severe internal carotid artery disease (n = 33) 
Internal carotid artery disease No. % 
Unilateral stenosis (80%-99%) 
Unilateral occlusion 
Bilateral stenosis (80%-99%) 
Unilateral occlusion with contralateral stenosis (80%-99%) 
Bilateral occlusion 
14 42.4 
14 42.4 
2 6.1 
2 6.1 
1 3.0 
Table IV. Risk factors for severe carotid artery disease (n = 387) 
< 80% stenosis (n = 354) > 80% stenosis (n = 33) 
Risk factor % No. % No. 
Age (yr -+ SD) 62.5 _+ 10.4 65.6 _+ 
Male sex 81.6 289 78.8 26 
Smoking history 68.4 242 78.8 26 
Diabetes 23.4 83 30.3 10 
Hypertension 53.7 190 69.7 23 
Hyperlipidemia 31.6 112 30.3 10 
PVD 16.9 60 63.6 21 
Angina (CCS) 
All classes 96.6 342 93.9 31 
Class III-IV 56.2 199 51.5 17 
CHF (NYHA) 
All classes 10.7 38 I8.2 6 
Class III-IV 1.7 6 0 0 
Previous MI 45.2 160 60.6 20 
Previous CABG 6.8 24 6.1 2 
Preoperative neurologic 5.9 21 21.2 7 
symptoms 
Previous CEA 2.0 7 27.3 9 
6.5 p = 0.02 
p = 0.08 
p < 0.00001 
p = 0.09 
p = 0.002 
p < 0.00001 
CCS, Canadian Cardiovascular Society; CHF, congestive heart failure; NYHA, New York Heart Association; MY, myocardial infarction. 
the 387 patients, 11 patients had a combined 
CEA/CABG procedure. In four patients carotid 
artery disease was symptomatic, the other seven 
patients were symptom free. Bilateral disease was 
present in three patients, two patients had a previous 
CEA. There were no NE in this group of patients. 
Predictors of neurologic events. During the 
in-hospital period, the total neurologic morbidity 
and mortality rate was 2.7% in the 376 patients 
having isolated CABG (11 patients with combined 
CEA/CABG procedures were excluded from the 
analysis). Most were permanent eurologic deficits. 
A total of eight (2.1%) patients had a CVA, one 
(0.3%) patient had a TIA, and there was one (0.3%) 
CVA-related eath. Four of the 10 NE occurred in 
patients with SCD (Table VI). In two patients NE 
were ipsilateral to a greater than 80% carotid artery 
stenosis, and the other two were contralateral to 
carotid artery occlusion. Six NE occurred in the 
presence of normal or less than 80% carotid artery 
stenosis. 
After excluding the 11 patients who had com- 
bined CEA/CABG, preoperative ariables were com- 
pared between patients who had NE (10 patients) 
and those who did not (366 patients) (Table VII). 
Patients who had neurologic events were older 
(69.6 _+ 6.7years vs 62.5 + 10.3 years,p = 0.036), 
and were more likely to have PVD (50% vs 19.7%, 
p = 0.034), SCD (40% vs 4.9%, p = 0.001), and 
previous CEA (40% vs 2.7%, p = 0.0002). The 
sensitivity of SCD for NE was 40% (n = 4/10) 
(specificity 95.1%, positive predictive value 18.2%, 
negative predictive alue 98.3%). After logistic 
regression analysis previous CEA remained statisti- 
cally significant as a predictor of NE (Table VIII). 
DISCUSSION 
Preoperative screening for carotid artery stenosis 
in the patient undergoing heart surgery can be 
effectively done by noninvasive methods. 1719 Occu- 
loplethysmography, 11,17,19 Doppler velocity, and 
spectral analysis, 2,4,18-22 and duplex scanning have all 
been used. Significant carotid artery stenosis has been 
reported in 2.3% to 3.6% of patients creened by 
occuloplethysmography, 9,11 and up to 17.6% in 
patients creened by carotid artery duplex scanning.i° 
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Tab le  V .  Logistic regression a alysis for severe carotid artery disease (n = 387) 
Outcome Risk factor Relative risk p Value 
Severe carotid artery disease (n = 33) Previous CEA 8.2 0.001 
PVD 6.3 < 0.0001 
Preoperative symptoms 4.7 0.003 
Previous MI 1.6 0.28 
Hypertension 1.3 0.50 
Age 1.0 0.72 
MY, Myocardial infarction. 
Table VI. Perioperative neurologic events after isolated CABG (n = 376)* 
< 80% Stenosis (n = 354) 
SCD (n = 22) 
>_ 80% Stenosis 
Postoperative NE % No. % No. 
TIA 0.3 1 0 0 
RIND 0 0 0 0 
AF 0 0 0 0 
CVA 1.1 4 18.2 4 
CVA death 0.3 1 0 0_0_ 
Total 1.7 6 18.2 4t  
RIND, Reversible ischemic neurologic deficit. 
*Exclusion of 11 patients who underwent a combined CEA/CABG procedure. 
t~o = o.ool .  
Berens et al.10 screened the carotid arteries of 1087 
patients undergoing heart surgery b  duplex scan- 
ning. ICA stenosis of greater than 50% was found in 
17.0% of patients, and stenosis of greater than 80% 
in 5.9%. The prevalence ofcarotid artery disease will 
vary depending on the screening tool used and the 
degree of stenosis screened for and considered 
significant. In our study of 387 patients, our preva- 
lence of severe carotid artery disease (stenosis of 
greater than 80% or carotid artery occlusion) of 8.5 % 
is consistent with other published rates. 
Routine screening of all patients undergoing 
heart surgery for SCD gives a relatively low yield. 
Risk factors for SCD identified by retrospective 
analysis could be used to direct screening towards 
particular subpopulations athigh risk, and increase 
the yield of preoperative screening. In addition to 
intuitively obvious risk factors (advanced age, previ- 
ous neurologic symptoms, and previous CEA), we 
found SCD in 17.3% of patients with PVD (vs 3.9% 
in patients without PVD). The high prevalence of 
SCD in patients with PVD has been reported in past 
studies. Berens et al. 1° found that elderly patients 
undergoing heart surgery with PVD were 2.8 times 
more likely to have a greater than 80% carotid artery 
stenosis. Sutton et al. 23 similarly concluded that the 
strongest predictor of carotid artery disease in elderly 
patients with isolated systolic hypertension was 
PVD, and Ahn et al?4 found a 5% prevalence of 
asymptomatic, greater than 80% carotid artery ste- 
nosis in patients with PVD. 
Having identified 33 patients with SCD, the 
treating surgeons elected 11 patients to perform a 
combined CEA/CABG procedure. It is interesting 
to note that no neurologic events occurred in 
this group. Reported stroke rates for combined 
CEAJCABG procedure are varied from 0% to 
10%.  9 Because of selection bias and the small 
number of combined procedures, we cannot derive 
firm conclusions about the merits of the combined 
CEA/CABG procedure with our results. 
The importance of SCD in the cause of postop- 
erative stroke has been disputed. Some reports how 
no significant increase in perioperative stroke in 
symptom-free patients with carotid artery steno- 
sis, 2,12'15 whereas most other centers have found 
increased postoperative stroke rates in patients with 
carotid artery disease. 7,1°,n,18 Brener et al.ll clearly 
showed increasing perioperative NE rates with in- 
creasing severity of carotid artery stenoses and 
occlusions. 
Our conclusions regarding risk factors for peri- 
operative NE are derived from the group of 376 
patients who underwent CABG only. SCD was 
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Table VII. Risk factors for postoperative NE in patients with isolated CABG (n = 376) + 
No NE (n = 366) NE (n = 10) 
Facmr % No. % No. 
Age (yr - S.D.) 62.5 + 10.3 69.6 -+ 
Male sex 82.0 300 70.0 7 
Smoking history 69.4 254 70.0 7 
Diabetes 23.5 86 20.0 2 
Hypertension 32.2 198 70.0 7 
Hypercholesterolemia 32.2 118 20.0 2 
PVD 19.7 72 50.0 5 
Angina (CCS) 
All classes 96.4 353 100.0 10 
Class III-IV 55.7 204 60.0 6 
CHF (NYHA) 
All classes 11.4 42 10.0 1 
Class Ill-IV 1.6 6 0.0 0 
Previous MI 45.9 168 60.0 6 
Previous CABG 6.6 24 20.0 2 
Preoperative n urologic symptoms 6.6 24 0 0 
Previous CEA 2.7 10 40.0 4 
Severe carotid artery disease _> 80% 4.9 18 40.0 4 
6.7 p = 0.036 
p = 0.034 
p = 0.0002 
p = 0.001 
CCS, Canadian Cardiovascular Society; ClifF, congestive heart failure; NYHA, New York Heart Association; M/, myocardial infarction. 
+Exclusion of 11 patients who underwent a combined CEA/CABG procedure. 
Table VII I .  Logistic regression analysis for perioperative neurologic events after isolated 
CABG (n = 376) + 
Outcome Risk factor Relative risk p Value 
Postoperative neurologic events (n = 10) + Prey CEA 9.6 0.02 
SCD 6.6 0.06 
Previous CABG 1.3 0.79 
Age 1.1 0.08 
PVD 0.75 0.78 
Preoperative neurologic symptoms 0.001 0.71 
M/, Myocardial infarction. 
+Exclusion of 11 patients who underwent a combined CEA/CABG procedure. 
found to be a significant risk factor for NE by 
univariate analysis. Because of the small number of 
patients with SCD (n = 22), SCD failed to reach 
statistical significance after logistic regression analysis 
(relative risk 6.6, p = 0.06), but its importance in 
postoperative NE is suggested by its high relative 
risk. Comparing the group of 22 patients with SCD 
who underwent CABG, 18.2% had postoperative 
NE, whereas in the other 354 patients with normal or 
carotid artery stenosis less than 80%, the postoper- 
ative NE incidence was 1.7% (p = 0.001). 
Although SCD has been implicated in numerous 
other studies as a risk factor for postoperative NE, the 
exact mechanisms in the development of postopera- 
tive stroke in these patients remains controversial. We 
recognize that it is difficult o draw clear conclusions 
about the association of SCD to postoperative NE 
from our population because 11 patients with SCD, 
from the original cohort of 33 patients with SCD, 
were not included in this part of the analysis because 
they had a combined CEA/CABG procedure. De- 
spite this limitation, our study results support an 
association between postoperative n urologic events 
and severe carotid artery disease. The multifactorial 
cause of NE after operation in patients undergoing 
CABG is confirmed by the observation that a 
significant proportion of NE seen in our study 
occurred in hemispheres above normal or only mildly 
diseased carotid arteries. Six of the 10 NE occurred 
in patients with normal or minimal carotid artery 
disease, and two of four NE occurred in patients with 
severe carotid artery disease, but in the contralateral 
hemisphere. A reasonable conclusion from this 
would be that in some patients SCD may contribute 
directly to the cause of postoperative NE, whereas in 
others it serves as a marker of more advanced 
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atherosclerotic vascular disease somewhere between 
the left ventricle and the microcirculation of  the brain 
that increases the risk o f  postoperative NE. For 
example, the importance of  atherosclerosis o f  the 
ascending aorta as a cause of  postoperative stroke is 
illustrated in the report o f  Bar-E1 and Goor. 6 
CVAs remain a dreaded complication of  coronary 
artery bypass. Using the identified risk factors o f  age, 
preoperative neurologic symptoms, history o f  previ- 
ous CEA, and PVD,  we can define a subpopulation 
of  patients undergoing coronary artery revasculariza- 
t ion at high risk for severe ICA disease. The incidence 
o f  neurologic events (18.2%) in our subpopulation 
o f  patients with severe carotid artery disease having 
isolated coronary revascularization is high and com- 
pares poorly with published rates for neurologic 
events after combined CEA/CABG procedures. Pre- 
operative knowledge of  the presence o f  severe carotid 
artery disease allows for more accurate assessment o f  
perioperative stroke risk. Although we may be unable 
to intervene in patients with ICA  occlusion, the 
patients with stenosis o f  80% or greater epresent a
group where combined CEA and CABG procedures 
are possible and may lower the rate o f  postoperative 
NE:  To date, the medical community  has been unable 
to initiate a multicenter prospective study to deter- 
mine whether simultaneous CEA can reduce the risk 
o f  stroke in patients with severe carotid artery 
stenosis undergoing CABG. 
We thank France Singher and Julie Dumaine, our two 
vascular laboratory technologists for performing all the 
carotid artery duplex scanning. 
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DISCUSSION 
Dr. Bruce J. Brener (Millburn, N.J.). This study 
represents he early efforts of the Cardiovascular Section of 
the Royal Victoria Hospital to screen patients undergoing 
CABG for the presence of carotid artery disease and PVD. 
The authors have made three important observations: first, 
duplex scanning detected severe carotid artery disease in 
8.5% of patients undergoing CABG. This is consistent 
with 15 published studies that have shown the incidence to 
vary from 3% to 18%. We have screened about 6000 
patients, finding an incidence of carotid artery disease of 
about 5%. Second, the authors found that patients with 
carotid artery disease undergoing CABG are different from 
patients with normal carotid arteries. Patients with carotid 
artery disease undergoing CABG are older and are much 
more likely to have PVD than those with no carotid artery 
disease. Other authors have suggested that patients with 
combined isease may have more advanced heart diseases 
as well. Therefore we should expect hese patients with 
carotid artery disease to have higher morbidity and 
mortality rates when undergoing CABG. Third, the 
authors found several predictors of NE during CABG. 
These included advanced age, carotid artery disease, PVD, 
and previous CEA. Although three studies contradict this, 
most reports have shown that the presence of carotid artery 
disease is associated with an increased risk of CVA during 
CABG. In our study the presence of carotid artery stenosis 
was associated with a 6% incidence of CVA after CABG, 
three times higher than the incidence when the carotid 
arteries were normal. When patients with carotid artery 
occlusions were included, the incidence was 9%. 
However, neither this study nor any study for that 
matter has convincingly shown that carotid artery disease is 
the cause of perioperative stroke. Perhaps advanced age, 
PVD, carotid artery disease, and more extensive heart 
disease are markers for other factors, such as a calcified 
aortic arch, intracranial stenosis, or fragile arterioles, which 
are responsible for the strokes. 
I suggest that, in addition to increasing the numbers of 
patients, the authors study these patients prospectively, 
because it is often very difficult o sort out the nature of the 
NE and even to detect PVD by retrospective r view. 
Are you satisfied that the duplex criteria accurately 
identify patients with critical esions? Although you use the 
end diastolic velocity of 1.4 m/sec recommended by the 
University of Washington, Moneta et al. (J VAsc SUV, G 
1993;17:152-7) indicated that an ICA and common 
carotid artery velocity ratio of a 4 or more was a more 
accurate criterion. 
Can you tighten up your definition of PVD? Perhaps 
only patients with lesions above the tibial level should be 
included. 
As you pointed out, the incidence of stroke of 18% in 
patients with carotid artery disease was high. Because you 
performed combined coronary and carotid artery proce- 
dures on 11 patients with carotid artery stenosis, do you 
think the stroke rate in the remaining patients with carotid 
artery disease was influenced by the uneven representation 
of patients with occlusions? 
This study encourages us to challenge the value of a 
program of carotid artery screening. Will identifying the 
carotid artery lesions and performing CEA at the time of 
CABG lower the incidence of stroke? There are two pieces 
of information that suggest hat this is true. First, we 
reviewed 56 studies with appropriate data and performed 
a metaanalysis. The probability of stroke was 10% when the 
CEA was performed before the CABG and 6% when it was 
performed simultaneously. Second, in a prospective ran- 
domized study Hertzer et al. (J VASC SURG 1989;9:445- 
63) found that the incidence of stroke in symptom-free 
patients with unilateral carotid artery stenoses was reduced 
from 6.9% to 2.8% by adding a simultaneous carotid artery 
procedure. However, this difference was not statistically 
significant. 
Do you agree that despite all of our best efforts we have 
not proven the hypothesis that CEA reduces the incidence 
of stroke? Would you support a large multicenter random- 
ized trial to try to answer this question? 
Dr. Gary C. Salasidis. Our present criteria for iden- 
tifying critical lesions of the carotid artery by duplex 
scanning have been validated by a separate research 
project at our own institution. We had 74 carotid arteries 
examined by carotid duplex scanning, with our results 
validated by contrast angiography. Carotid duplex scan- 
ning had an 88% accuracy rate for identifying lesions of 
80% or greater stenosis and a 98.6% accuracy for carotid 
artery occlusions. 
In response to your third point, it is true that the 18% 
stroke rate did occur in a selected group. Patients with 
stenosis were more likely to have undergone operation than 
patients with carotid artery occlusions. Thus our stroke rate 
may have been augmented because of this overrepresenta- 
tion of patients with carotid artery occlusion. 
Your comments with respect to combined carotid 
endarterectomy/CABG procedures are very accurate. This 
study has not proved the value of the combined procedure 
in reducing stroke rate after coronary artery revascular- 
ization; however, this was not the goal of the study. We 
most certainly would support a large multicenter random- 
ized trial to try to answer this important question. 
Dr. Keith D. Calligaro (Philadelphia, Pa.). You 
mentioned that one of your criteria was the presence or 
absence of asymmetric pulses. Who performed this pulse 
examination? How many patients were examined by a 
vascular surgeon? How much of this data was obtained by 
a resident going through a chart and seeing another 
resident's physical examination? 
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Dr. Salasidis. The charts were reviewed, and it was the 
admitting medical history on which asymmetric pulses 
were recorded. So we can only say that we cannot be 100% 
confident that this was reliably done. For this reason, we are 
prospectively analyzing our patients, specifically looking at 
PVD and the way we define it by having the vascular 
surgeons and our vascular laboratory technicians analyze 
the pulses for asymmetry. 
Dr. Thomas S. Riles (New York, N.Y.). One of the 
things that comes up in trying to figure out whether this 
was just an older patient with aortic arch disease or whether 
the stroke was related to the carotid artery disease was 
correlating the side of the stroke with the side of the disease. 
I want to know if you have done that and if you could 
speculate on exactly what the mechanisms may have been 
in the patients who had the strokes? Were some of these 
intracranial hemorrhages or other causes, or could you 
really tie it down to the carotid artery disease? 
Dr. Salasidis. This is one issue that has always been 
very difficult to prove. Most of the NEs were from 
hemorrhages. In our patient population, 50% of the NE 
that occurred in patients with carotid artery disease were 
ipsilateral. We can only speculate whether these were 
directly due to the carotid artery stenosis. 
Dr. Jerry R. Youkey (Danville, Pa.). If I understand 
the data correctly, of 22 patients who did not undergo any 
kind of cerebrovascular operation before coronary artery 
bypass, 18 or 19 had complete occlusion and were not 
candidates for CEA anyway. Would you clarify this point? 
Dr. Salasidis. It is true that patients without occlusion 
and with significant carotid artery disease were more likely 
to be taken out of the study by virtue of undergoing a
combined procedure. Of the 22 patients who did not 
undergo a combined procedure, 16 patients had occlusion 
with an event rate of 18.7%. The other six patients with 
stenosis and no occlusion who did not undergo a combined 
procedure had n event rate of 16.7%. 
Dr. Youkey. What was the outcome of the 11 patients 
who underwent combined procedures? As a result of that, 
what sort of recommendation do you have for us regarding 
patients who have significant reconstructible carotid artery 
disease and are undergoing CABG? 
Dr. Salasidis. In our institution it has become fairly 
common practice to operate on any patient who has 
significant carotid artery disease without occlusion that is 
scheduled to undergo coronary artery revascularization. I  
this study period we had 11 patients who underwent the 
combined procedure without any NE. In following this 
particular study period, we have had an increase of at least 
three times the number of patients who have had this 
procedure with a very favorable outcome. 
Dr. Sateesh C. Babu (Valhalla, N.Y.). We also 
perform simultaneous CEA with CABG, and our criteria is 
almost like yours. We follow the Strandness (Duplex 
scanning in vascular disorders. New York: Raven Press, 
1993) criteria of 80% greater stenosis by duplex scanning. 
I would like to ask you about timing of the operation and 
how you do it. Do you use the two-team approach? Do the 
vascular surgeons or heart surgeons do it? Do you do the 
endarterectomy before they perform bypass or after? 
Dr. Salasidis. We actually perform the procedure 
much as you do. We have a two-team approach. The 
vascular team performs the CEA before the patient 
undergoes bypass. 
Dr. Frank J. Veith (Bronx, N.Y.). Is the chest opened 
before the CEA is performed? Or do you do them as two 
separate operations? 
Dr. Salasidis. As two separate operations. 
CORRECTION 
In the original rticle, "Extended evaluation of the titanitun Greenfield vena caval filter," by Lazar J. Greenfield, MD, 
Mary C. Proctor, MS, Kyung J. Cho, MD, Bruce S. Cutler, MD, Ernest 1- Ferris, MD, David McFarland, MD, 
Michael Sobel, MD, and Jaime Tisnado, MD, (1994;20:458-65), the following sentence (page 460, first column, 
tenth sentence) was incorrectly printed: "Most devices (68%) were placed through a right femoral approach, 9% 
through the left femoral artery, 22% through the right jugular artery, and one directly into the vena cava during 
another operative procedure." The sentence should read "Most devices (68%) were placed through a right femoral 
approach, 9% through the left femoral vein, 22% through the right jugular vein, and one directly into the vena cava 
during mother operative procedure." 
